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(54) ANALYSIS USING ENZYME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To analyze NAD(H) at high 
sensitivity and at high precision by performing enzymatic 
signal amplification through cycling reaction using a bile 
salt, 1 2a hydroxysteroid dehydrogenase, a diaphorase, an 



electron transfer substance and electrodes. 
SOLUTION: When analyzing nicotinamide adenine 
dinucleotide(NAD) or its reduced form (NADH), a 
coenzyme concentration useful for the clinical analysis 
field requiring high sensitivity quantitative analysis, for 
bacteriological tests requiring rapid analysis results in 
food or in the environment, or the like is quantitatively 
analyzed at high sensitivity and conveniently by 
performing enzymatic signal amplification through cycling 
reaction using a bile salt (e.g. sodium cholate or the like), 




12a hydroxysteroid dehydrogenase, a diaphorase, an 
electron transfer substance (e.g. 1 ,4-benzoquinone or 
the like) and electrodes (e.g. carbon electrodes or the 
like). 
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(3) [ JP-A-2000-18 9188] 
Paragraph [0008] 

[Means for Solving the Problems] 

In order to solve the problems described above, the 
present inventors found that NAD or NADH concentration can be 
detected with high sensitivity and high accuracy on an electrode 
using 12a-hydroxy steroid dehydrogenase (hereinafter, 
abbreviated as 12a HSD) , diaphorase (hereinafter, abbreviated 
as DI) and an electron carrier for an enzyme cycling reaction 
in an enzyme cycling signal amplification reaction system for 
detecting NAD or NADH concentration. Thus, the present 
invention was accomplished. More specifically, when 12a HSD 
oxidizes a bile salt that is a substrate thereof, coenzyme NAD 
is reduced to give NADH. When thus resulting NADH and 
originally existing NADH are oxidized by DI to restore to NAD, 
the electron carrier is reduced, and the electron carrier 
transfers an electron to the electrode. Then, repetition of 
this enzyme cycling reaction permits detection of NAD or NADH 
on the electrode with high sensitivity. 

Paragraph [0019] 

Examples of the electron carrier which may be used include 
quinones such as 1 , 4-benzoquinone, toluquinone, 

1. 4- naphthoquinone, vitamin K3, paramethylaminophenol, 

2. 5- dichlorobenzoquinone, duroquinone, 
2, 5-dimethylbenzoquinone, 2, 6-dimethylbenzoquinone and the 
like; flavins such as riboflavin, flavin mononucleotide, flavin 
adenine dinucleotide and the like; phenols such as 
4-aminophenol, 4-methylaminophenol, 2, 6-dichlorophenol 
indophenol and the like; ferrocenes such as 
hydroxymethylf errocene, 1-hydroxyethylf errocene and the like; 
iron cyanides such as potassium f errocyanide ; and 
phenylenediamines such as 
N,N,N' , N' -tetramethylphenylenediamine . Among them, 
aminophenols, ferrocenes and benzoquinones are preferred. 
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